Purpose: The purpose of this study is to describe the rate of cytomegalovirus (CMV) virolactia, and the prevalence of breast milk (BM)-transmitted postnatal CMV infection among premature infants after freeze-thawing (FT) and Holder pasteurization (HP) of breast milk. Methods: This is a single-center, retrospective study of 312 infants born at less than 32 weeks of gestation, or with a birth weight less than 1,500 g from January 2013 to June 2017. All infants were screened for CMV-specific immunoglobulin (Ig) G and IgM at birth. Initial CMV specific polymerase chain reaction (PCR) and CMV culture were performed on mothers' BM and babies' urine within the first 21 days of life. FT and HP of BM was used to prevent the transmission of CMV. For the surveillance of postnatal CMV infection, CMV culture and CMV specific PCR of urine from babies were repeated one to two months after the initial screening. Screening for viremia and viruria was performed if postnatal CMV infection was suspected. Results: Among 178 BM samples obtained from mothers of CMV-IgG-seropositive infants, 80 (44.9%) were CMV PCR positive. CMV deoxyribonucleic acid (DNA) was detected in five of the 22 BM samples (22.7%) obtained from the mothers of CMV-IgG seronegative infants. When CMV DNA load in BM was measured before and after HP, various results were shown. Sixty-three infants out of 232 (27.2%) were evaluated for postnatal CMV infection and four infants out of 63 (6.3%) were infected. Conclusion: Interventions to prevent BM-transmitted CMV infection can reduce the chance of postnatal CMV infection, but not completely eliminate it.
INTRODUCTION
Cytomegalovirus (CMV) may be transmitted in utero as a result of maternal infection, and may also be acquired perinatally at delivery from exposure to maternal genital secretions, or through blood transfusions (BTs) or infected breast milk (BM) 1) . Postnatal CMV infection has not received much attention in the past, because it was thought to have no significant morbidity.
However, as studies on postnatal CMV infection with serious clinical symptoms, especially in preterm infants, have been reported, interest in the seriousness of postnatal CMV infection has increased.
BT practices in Korea do not involve the routine testing of donor blood for CMV antibodies 2) . The risk of CMV infection from BTs is related to the volume of transfused blood, number of donors, and elevated complement fixation titers to CMV in the donor blood.
The use of leukodepleted and/or CMV-negative blood eliminates the risk of CMV acquisition via this route 3) .
The majority of CMV-seropositive women shed the virus in their BM. There is considerable evidence showing that the shedding of the virus into BM is the main source of postnatal CMV infection in infants 4) . Because more than 80% of South Korean women have CMV antibodies by childbearing age 5) , the transmission rate of CMV from mothers to preterm infants by breastfeeding is assumed to be high.
Symptomatic CMV infections do not usually occur in full-
term infants because of the transmission of protective maternal antibodies, which occurs mostly in the third trimester, and the infants' more mature immune system 1, 6) . Infants born at less than 32 weeks of gestation or with very low birth weight (VLBW; birth weight <1,500 g) may be at a higher risk of developing symptomatic postnatal CMV disease 1) .
It is not possible to control the exposure to CMV in maternal genital secretions during vaginal delivery. Transfusion-transmitted CMV infection can be reduced by the aforementioned methods. Thus, prevention of transmission of CMV to preterm infants through BM is an important issue, and it is prudent to try to prevent postnatal CMV transmission to preterm infants by giving them BM with no infectivity.
Aims of this study are: (1) to estimate CMV seroprevalence among pregnant women by investigating the positive rates of CMV-immunoglobulin (Ig) G in enrolled infants, (2) to determine the rate of CMV detection in BM from mothers of preterm infants,
and CMV viral load in their BM before and after Holder pasteurization (HP), and (3) to determine the incidence of post natally acquired CMV infection via BM, after freeze-thawing (FT) and HP, among preterm infants during their hospitalization in our center.
MATERIALS AND METHODS
In this single-center retrospective study, one physician review ed the medical records of the study subjects, and collected information on demographics, gestational age (GA), birth weight, delivery method, laboratory data associated with CMV infection, maternal ethnic ancestry, and transfusion history.
Premature babies with a GA of less than 32 weeks, or VLBW infants who were admitted between January 1, 2013 and June 30, 2017 to the Chungnam National University Hospital were included in the study.
Infants were excluded if they showed evidence of congenital CMV infection, defined as a polymerase chain reaction (PCR)-positive viral deoxyribonucleic acid (DNA) in urine (DNAuria) or culture-positive urine (viruria) within the first 3 weeks of life 1) .
Preterm infants born at less than 32 weeks of gestation, or VLBW infants were screened for both CMV-specific IgG and . If symptomatic CMV infection was suspected, urine and whole blood were tested by CMV PCR and culture. CMV DNA was extracted from the collected clinical samples using ExiPrep The continuous variables of BM samples between two groups were compared using Welch's t-test. Statistical significance was defined as a P-value of less than 0.05.
RESULTS
Among the 312 patients born at less than 32 weeks of gestation, or with a birth weight of less than 1,500 g, 80 were excluded due to incomplete laboratory data and evidence of congenital CMV infection, and a total of 232 infants were enrolled in the study. Two hundred BM samples were obtained due to multiple gestation pregnancy ( Figure 1 ). Table 1 shows the characteristics of the subjects. The ratio of infants delivered through cesarean section was as high as 81.0%.
Most mothers were Korean. The rate of CMV-IgG seropositivity among the 232 enrolled patients was 90.1%.
CMV PCR and culture were performed on the mothers' BM at a mean infant age of 5. of the 63 studied infants (6.3%) were infected. Three of the four infected infants were born to mothers who shed CMV in milk.
All four infants were born via caesarean section, and one out of four babies did not receive any blood transfusions. Three of the affected prema ture babies were asymptomatic. One baby, who had a birth weight of 1,110 g and was born at 27 2/7 weeks of and it is presumed that FT and HP might reduce the risk of BMtransmitted CMV infection. Kurath et al. 9) reported that CMV-IgG detection in breast milk in the range 67% to 97.2% (median, 80%), the CMV transmission rate varied in a range of 5.6% to 58.6%
(median, 20%) in preterm infants fed with untreated BM, and symptomatic disease occurred in 0% to 34.5% (mean, 3.7%) of the cases.
Postnatal CMV infection can be diagnosed by the detection of CMV using culture or PCR of blood, urine, cerebrospinal fluid, or respiratory secretions after 2 to 3 weeks of life 1, 7, 10) . Demon stration of CMV-specific IgM in cord blood or in the infant's blood within the first 2 to 3 weeks of life suggests congenital CMV infection 7, 10) .
However, only 70% of congenitally infected neonates have IgM antibodies at birth 11) . The presence of CMV-specific IgG indicates its passive transfer from the mother or a congenital infection, and does not diagnose neonatal infection 11) . Therefore, while no test was performed on the mother's CMV status, we assumed that CMV-IgG positivity in the babies indicates CMV infection in their mothers, and also a possibility of CMV virolactia. We have performed CMV PCR and culture on the babies' urine within the first 21 DOL to exclude congenital CMV infection.
Traditionally, CMV infection have been diagnosed by the iso lation of the virus from the urine or saliva by virus culture methods. Virus culture may take a long time to yield results, and has an advantage over PCR in terms of specificity 11) . The shell-vial culture assay uses a monoclonal antibody to detect early CMV antigen after the specimen is incubated in tissue culture for 24 to 48 hours 12) . However, set-up costs for a virus culture laboratory are expensive 13) . On the other hand, the identification of CMV DNA by PCR in urine, blood, saliva, cerebrospinal fluid, and bronchoalveolar lavage fluid, or tissue is rapid, highly sensitive, and provides viral load measurements 14, 15) . The negative predictive value of PCR is high 15) .
Maternal CMV shedding in BM of seropositive mothers can be detected in colostrum and ends about 3 months after birth 16) .
Yasuda et al. 17) showed that 21 of the 24 seropositive mothers (87.5%) had detectable CMV DNA in their BM during their study period and most of the BM samples became positive for CMV DNA 2 weeks after delivery. According to several other studies, rates of CMV virolactia among seropositive women have been reported to be between 6.2% and 80% 18, 19) . In our study, 85 of , even though the CMV culture was conducted at an accredited laboratory after collecting and transporting the specimens according to the guidelines. There is no clear explanation for these discrepancies between the PCR and culture results; further studies may be suggested.
We demonstrated that viral loads were higher in maternal milk of CMV-IgG-seropositive infants than in that of CMV-IgG seronegative infants. van der Strate et al. 21) showed that viral loads in the milk whey of CMV-transmitting mothers were higher than those of nontransmitting mothers; transmission of CMV to newborns was observed only above the threshold. On the other hand, Josephson et al. 10) reported that they could not identify a viral load cutoff below which BM-transmitted CMV infections did not occur.
Although the viral load cut-off below which BM-transmitted CMV infections do not occur is yet to be determined, our results may be used to preferentially select infants at a high risk of BMtransmitted CMV infections in cases where maternal CMV status, occurrence of CMV shedding in BM, or viral load is unknown.
It was estimated that the chance of exposure to genital secretions in the enrolled infants was relatively low because the rate of cesarean section was high. The use of leukodepleted cellular blood products eliminat ed the risk of transfusion-acquired CMV infection. Previous studies have shown that the possibility of CMV infection through transfusion is very low when using filters 22) .
In this study, all four infants who were positive for urine CMV PCR were born via caesarean section, one out of four babies did not receive any blood transfusions, and three out of four babies received one or more transfu sions of irradiated and leukodepleted cellular blood products; hence, the possibility of transmission by maternal genital secretion or BT was ruled out.
Since several strategies to prevent the transmission of CMV to preterm infants through BM have been suggested, we selected a few and applied them to our unit's policy. In our hospital, premature infants were fed FT and pasteurized BM until 8 weeks of life because postnatal CMV infection within 8 weeks of postnatal age can cause serious complications 23) , and the CMV DNA copy numbers in BM peak at 4 to 6 weeks and decrease afterward 17, 24) .
FT does not completely eliminate the virus, but is less harm ful to the protective constituents in milk [25] [26] [27] [28] . According to Lanzieri et al. 1) , among the infants who were fed frozen BM, 13% (95% confidence interval [CI], 7% to 24%) acquired CMV infection, 7%
(95% CI, 3% to 14%) developed CMV-related symptoms, and 5%
(95% CI, 2% to 12%) developed CMV-SLS. Other studies re ported a CMV transmission rate of 2.5% to 15% when FT BM is used [29] [30] [31] . While HP is highly effective at removing viable CMV, it may inactivate biologically active components such as Igs, enzymes, hormones, growth factors, cytokines, and heat-labile vitamins 6, 32) .
Hamprecht et al. 33) reported that HP did not reduce the viral DNA load significantly, but eliminated CMV infectivity. Postnatally acquired CMV infection rates in premature infants fed pasteurized BM have been variously reported in the literature; Yoo et al. 34) reported an infection rate of 0%, and Stock et al. 35) reported 4.2%.
The reduction rate of CMV infection via mother's milk through HP is still unknown, and more research is needed. In addition, Figure   4 shows but further studies are needed to prove their efficiency 36, 37) .
Postnatal infection does not always mean disease, but in premature infants, it can cause severe clinical symptoms due to their immunocompromised status and deficiency of maternal CMV-IgG antibodies 24, 38) . In symptomatic postnatal CMV disease, a number of clinical symptoms and signs including pneumonitis, hepatosplenomegaly, lymphadenopathy, enteritis, aseptic meningitis, and SLS can develop, and all cultures (blood, urine, tracheal as pirates, and stool) for bacterial pathogens obtained before ini tiation of antibiotic treatment are found to be sterile. CMV is detect ed by culture or PCR of blood, urine, cerebro spinal fluid, or respi ratory secretions after DOL 21 18, 39) . Okulu et al. 40) reported a case of an extremely low-birth-weight infant with severe postnatal CMV infection presenting with hepatitis and pneumonitis. In a case report published by Tran et al. 41) , a 48-day-old infant born at 25 1/7 weeks of GA without symptoms of perinatally acquired CMV developed fulminant necrotizing enterocolitis on DOL 48
and systemic CMV infection was diagnosed at autopsy; he died despite aggressive medical management. In our case, a baby born at 27 2/7 weeks of GA developed SLS even though he was not exposed to genital secretions at birth because he was born via cesarean section. A leukodepletion filter was used for BT, and he was fed FT and pasteurized BM. His postnatal CMV infection was confirmed by testing urine, tracheal secretion, and whole blood for CMV DNA with PCR, which revealed high viral loads.
This indicates that breakthrough cases may occur even with the use of several prevention strategies. At present, guidelines for the treatment of congenital CMV infection have been suggested 42) . But in cases of perinatally or postnatally acquired symptomatic CMV infection, there is no consensus on the management, although the use of antiviral treatment in severe and symptomatic cases have been reported 39, 40) .
Long-term outcomes in preterm infants after postnatal CMV infection are controversial. Kelly et al. 7) demonstrated that postnatal CMV infection was associated with an increased risk of bronchopulmonary dysplasia at 36 weeks of PMA in VLBW infants. Some follow-up studies indicated poor neurocognitive outcome in adolescents born preterm with postnatal CMV infection 43, 44) . In contrast, other studies showed that preterm infants might not have an increased risk for neurological sequelae after CMV postnatal infection 9, 45) .
Considering the clinical significance of symptomatic postnatal CMV infection in preterm infants, some people might think that it is better to withhold BM feeding in preterm infants until 34 weeks of PMA 10) . However, as the incidence of symptomatic CMV infection during the entire study period was not high, BM preparations to decrease CMV transmission in high risk infants, along with prompt workup and treatment in suspected patients can be an appropriate method of maximizing the advantages of BM feeding.
Our study is limited by its retrospective nature. Maternal CMV infection could not be determined exactly because the maternal CMV serostatus was not examined in our hospital. Enrolled infants were not tested for CMV culture (e.g., nasal swab) immediately after birth to confirm whether they had been exposed to maternal genital secretions. Follow-up CMV testing of the asymptomatic baby was not routinely performed as planned, and hence, postnatally acquired CMV infection could be underestimated.
In summary, despite the relatively high rate of viral shedding into BM, postnatal CMV infection was diagnosed in 1.7% of the total infants enrolled, and 6.3% of the infants examined for the surveillance of postnatal CMV infection after FT and HP. It is assumed that these interventions to prevent BM-transmitted CMV infection can reduce the chance of symptomatic postnatal CMV
